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(54) Drying treatment method and apparatus 

(57) A drying treatment apparatus for drying 
cleaned semiconductor wafers comprises drying gas 
producing means (41) connected to a drying treating 
unit (30) through a drying gas supplying pipe line (32). A 
flowrate controlling diaphragm pump (50) is provided in 
an isopropyl alcohol (IPA) supplying pipe line (32) that 
connects an IPA tank (48) and the drying gas producing 
means (41). An N 2 gas supply source (52) is provided 
for supplying nitrogen gas into the drying gas producing 
means (41), and a heater (44) is disposed within the 
drying gas producing means to produce a drying gas. 
As a result of this, the amount of the IPA supplied to the 
drying gas producing means (41) by the diaphragm 
pump (50) is controllable, thus enabling the concentra- 
tion of the IPA contained in the drying gas to be main- 
tained at a value within a range of from 3% to 80% 
inclusive, and enabling the temperature of the drying 
gas to be maintained at a value within a range of from 
80° to 150°, inclusive, due to the heating by the heater 
(44). The above feature enables improvement of the 
drying efficiency and reduction in the amount of con- 
sumption of the drying gas. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a dry treatment method and apparatus for causing an object to be treated such 
as a semiconductor wafer or LCD glass substrate to contact with a drying gas to thereby dry the object. 

Description of the Related Art 

[0002] Generally, in the process of manufacturing a semiconductor in a semiconductor manufacturing apparatus, 
there is widely adopted a method of immersing the surface of an object to be treated such as a semiconductor wafer or 
LCD glass substrate (hereinafter referred to as "a wafer") in a chemical liquid, rinsing liquid (cleaning liquid) and the like 
by the use of a cleaning treatment apparatus to thereby perform a cleaning treatment with respect thereto and thereaf- 
ter drying the cleaned wafer by the use of a dry treatment apparatus. 

[0003] Conventionally, as this type of drying treatment apparatus, there is known an apparatus which is equipped, at 
a low side thereof communicated with a drying treatment section, with a drying gas producing means for heating a vol- 
atile organic solvent such as I PA (isopropyl alcohol) and thereby generating a vapor thereof. The IPA gas as a drying 
gas is caused to contact with an object to be treated such as a cleaned wafer that has been accommodated within the 
drying treatment section. The vapor of the drying gas is then condensed and any moisture on the object is removed, 
whereby the object is dried. In this type of drying treatment method, the degree of drying is greatly affected by the con- 
centration of the drying gas or the degree of contact of the drying gas with the object. 

[0004] In this type of conventional drying treatment apparatus, the drying gas producing section and the drying treat- 
ment section are located in the same zone, so that the state of the drying gas produced in the drying gas producing 
section tends to be affected by the condition within the drying treatment section. For this reason, heat is taken away by 
the cleaned object to be treated which is at a low-temperature, with the result that the vaporization of the organic solvent 
is suppressed. Furthermore, the heat of the vapor that has been obtained by the vaporization is taken away in the vicin- 
ity of the object to be treated, so that the temperature of the vapor is lowered and the vapor is condensed. Therefore, 
there occurs a state in which no drying gas exists within the drying treatment section or a state in which the concentra- 
tion of the drying gas is very low even if the drying gas exists, giving rise to a problem that the drying efficiency becomes 
low. If the drying gas continues to be produced in spite of the above-mentioned state, the amount of consumption of the 
organic solvent will increase undesirably. 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made in view of the above-described circumstances and has an object to pro- 
vide a drying treatment method and apparatus which can control the amount of generation as well as the concentration 
and temperature of the drying gas and can prevent the condensation of the solvent in the drying gas during the drying 
operation, thereby increasing the drying efficiency and enabling decrease in the amount of consumption of the solvent. 
[0006] To attain the above object, according to an aspect of the present invention there is provided a drying treatment 
method which comprises the steps of: mixing and heating a solvent and an inert gas to produce a drying gas; and sup- 
plying said drying gas into a drying treatment chamber and causing the drying gas to contact an object to be treated, 
contained in the drying treatment chamber, to dry the object; wherein said solvent has a concentration in the drying gas 
in a range of 3 to 80% and the drying gas has a temperature of from 80 to 150°C. 

[0007] According to another aspect of the present invention, there is provided a drying treatment apparatus which 
comprises: drying treatment means having a drying treatment chamber containing an object to be treated; a solvent 
supply source; an inert gas supply source; drying gas producing means including a mixing unit for mixing a solvent and 
an inert gas, and a heating unit for receiving a mixed gas of the solvent and the inert gas and for heating the mixed gas 
to produce a drying gas; a solvent supply pipe line connecting said solvent supply source to the mixing unit; a flowrate- 
controllable solvent feed means provided in the solvent supply pipe line; an inert gas supply pipe line connecting the 
inert gas supply source to the mixing unit; a drying gas supply pipe line connecting the drying gas producing means to 
the drying treatment chamber to send the drying gas into the drying treatment chamber; the solvent feed means being 
set to produce such a flowrate of the solvent which causes a concentration of the solvent in the drying gas to be main- 
tained in a range of from 3 to 80%; and said heating unit being set to maintain the drying gas in a range of from 80 to 
150°C. 

[0008] The nozzle in the drying treatment chamber may be stationary but preferably be movable relative to the object 
to be treated. 
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as possible at the timeof start anTe^^ep^ 

provided to the disLrge p£e to septette ££^,25E T *T * Separati0n unit ^ °* 

station unit may be^if^ 

gas chamber for receiving a used drying aas cooKno ™* Tf* ? 9 T* separat,on unit ma y '"dude a drying 
soiventdischargepo^ 

Sdin~^ 

be treated and by the conditions S^^S^J^f T" ^ by th6 C ° nditi0ns of the <**«* to 
from the solvent supply source can be adiZri hi t? ,1 Furthermore - ,he f '™rate of the solvent supplied 
» vapor produced JS^SS^SS, VZZZ? !JT ^ S ° that the amount of s ^ 
a suitable range of from 3 to 80'Iand ^ S °T th6 *** 935 Can be * 

80 to 1 50°C by means of the heating unrt ThS he d vfnn ^ U ^'^^ t0 8 SUitable ran 9 e of ,rom 

and the drying eff fciency is improved V 80 that no "- un,form d ^9 operation does not occur 

able that the pressure reduction be performed a^ent^^ 
,5 operation. This prevents an adverse nSlce o 

due to abrupt pressure change 6(1 and an excess,v e outflow of the drying gas 

moted and the amoanSo, <»S °sS !s^S "* "*"*"•" d ^ '*<">- 

atmospheric pc*hta can be pre»emeA """"""""I 88 andmeine rt be separated from each othar.whereoy 
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Fig. 2 is a schematic side view of Fig 1 ■ 

prase™".*?* *" '"^ 9 — °' - *>* - accord^ ,„ »e 

Rg. 7 is a perspective view on an enlarged scale, showing a main part of Fig. 6. 
DESCRIPTION OF THF Pncn FB p pD FMn nn| M FMT c 
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„^£ 1 ? ,reatmert jy stem 18 com P" s *> mainly of a conveying section 2 to and from which a container 
such as a carrier 1 . for accommodating therein semiconductor wafers W (objects to be treated) in a horizontal state is 
conveyed, a treating section 3 for liquid-treating the wafer W with the use of a chemical a cSlSwS*e 
ike and for dryng the wafers W, and an interface section 4 which is located betw3* Z^TSfZ Z 
gating section 3 and in which delivery, positiona. adjustment and attitude change 

[0021] The conveying section 2 is comprised of an inlet part 5 and an outlet part 6 which are juxtaposed at one end 
of the cleaning treatment system. The inlet part 5 is comprised of a receiving portion 5a fcJi^SSart^iS 
an upper conveying mechanism 7 (Fig. 2) and a delivering portion 5b for receiving thereon toe SSTcSZl f om 
he receiving porfon 5a horizontally. On the delivering portion 5b there is disposed a carrier lifterT^a 2^ZwbZ 

ou let part 6 there is disposed a carrier lifter 8 for conveying the carrier 1 between a conveying-out port (not illustrated) 
of the interface section 4 and an upper zone. By the use of these carrier lifters 8. it is possible to Tnvey the cSrTeM 
wrfhin the inlet part 5 and outlet part 6 and it is also possible to deliver an empty carrier 1 to Lnier ^na oart 9 1 

S^gZr" 60 '^ 1 ^ 

n^rlJt^T^ 4 is u Com P rised of a f irst compartment 4a adjacent to the conveying section 2 and a sec- 
rl f dJ8Cent * ° <he treatinQ S6Cti0n 3 ' firSt ""Wtrnent 4a and the second compartmert 4b being 
pa ttoned by a par trtiomng wall 4c. And within the first compartment 4a there are disposed a wafer take out arm i§ 

TSi^^J^-^T^VT (X ^ Y direCti ° nS) 3nd VertiCal direction direction > and Min tJe 
,22 3 t " d " h Ch 18 ,ntended t0 take out and conve y * plurality of wafers W from the carrier 1 of the inlet parVs 
(specifically, the dehvenng port-on 5b). a notch aligner 1 1 for aligning the notches each formed in the wafer W a oao 

^^TS^TS^^ adjU f nQ thS 93PS b6tWeen the P ' Urality 0f wa,ers W taten *JZ 
a vertical s£te 9 ' n9 **" 12 ** Chan9ing th6 5,316 0f the wafer W from a horizontal «* to 

from the vertical state to the horizontal state the wafers W received from a wafer conveying arm 23 as late°descS 
the wafer conveying chuck 23 being intended to convey a plurality of treated wafers W from the treaTn^ton sTa 

TlTT h v 5 S W ^ ^ VertiCal ' ^ 9 Wafer accom ^ing arm 15 which is mo S n Srizoll 
direction (X and Y directions) and vertical direction (Z direction) and rotatable (in the 9 direction) and which is inS 
to receive from the second attitude changing device 13 the plurality of wafers W whose attitude has be* Changed to 
the horizontal state by this second attitude changing device 1 3 and to accommodate these wafers wtnto toe eiXLf 

^rov^da^ 

is provided a earner lifter 8 for conveying the carrier between the wafer receiving part 14 and the carrier waitino oart 9 
Furthermore. ,n the carrier waiting part 9 there is disposed a carrier conveying robe* 16 for moSng to a ^^resS wlrt' 

ThE? th. r% Carri6r ^ h ° Se WaferS W 8re alr&ady deliV6red b * the wafer dal 

1 havmg he wafers W accommodated therein in the wafer receiving part 14. or for moving to above the ouL part 6 he 

55T oTe^nr 1 ^ 1 T *T bee " COnVey&d fr ° m the Wafer receivin 9 P art 14 *> the carrier 1 nTpart 9 
0024] On the other hand. ,n the treating section 3. there are disposed in a linear arrangement a first treatina unit 19 
for removing particles or organic contaminants adhered onto the wafers W. a second LJJ uTieTSrliS 
metallic contaminants adhered onto the wafers W. a third treating unit 17 for removing Sdofl™ Tacked ontoTe 
waferc W and a chuck cleaning unit 20. It is to be noted that a drying unit 21 is disposed ti^ZlZSZZZ 

lbo!rinSo Se, H a T 9 tr6atment aPParatUS aCC ° rdin9 10 the present invention happltod to me drying unifS^he 
t m h Ft ? r T eym9 arm 23 iS m0Vab,e in the X and Y directions normal directions) an Z direction 
Ohe vertical direction) and rotatable (in the 6 direction). The wafer conveying arm 23 is disposed on a c^eying ^ 

section 4" ' m SUCh 3 ^ 38 10 6Xtend ,r ° m the P ° Srti0n ° Pp0Sin9 the respective units 17 to 20 SZS£ 
[0025] Next, the drying treatment apparatus according to the present invention will be described. 
(First Embodiment) 

[0026] Fig. 3 is a schematic view illustrating a first embodiment of the drying treatment aoDaratus armrHinn tn th* 

s Q rs o ;r d H Fi9 - 4 is a schematic sectionai view - ^^^Xssss^^ 

rnmli 9a -u P ,° ftnedry,n 9 treatmen t apparatus according to the present invention. 

oSng wafeX'w ? T£ SET * ^ ""^ * 8 ^ ^ Unit 30 having a treatin9 chambar 30 A 
hrr?,nh a h *7 9 P dUCm9 unt (drym9 935 producin9 means > 41 connected to the treating chamber 
30A through a drying gas (a gaseous mixture of an organic solvent and an inert gas) supplying pipe line 3 a Tank 
(organic solvent supplying means) 48 for an organic solvent, e.g. IPA (isopropy, alcohol) ££255 2 drying gas 
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also a constituent component of the drvina aa* tn tha wrw. n „ -i 9 c as N 2 gas, which is 

drying ireatoren, unit m 5e t S a ^nXn^?, , T^' T* Maan£l chambe ' 30A 01 "» 
wafers w which are the r*j«« bSSm ' t ' e ' e,ln a p "" a,,y * *» KM ** «* 

also to be noted that the drying d '' SP ° Sed a '° ng ,he ,ength ,hereof " 11 is 

zontally moving the same P ^ UpW3rd ' y elevating the dr * in 9 vessel 30a and then hori- 

So,rss^ 

means) 39. The v^^^Jd!^^S7!S J 6 ' 6 ' S Pr0Vlded 3 V3CUUm pumD (P^ure^reducing 
start and end of the p^ T ** Pr6SSUre 35 9ent,y as P° ssib,e at the «™ of the 

» treating chamber MA^i2S2£2SL^ *? construction ' rt «■ Possible to bring the interior of the 
after having ^^^'^^5^^? T the dry ' n9 935 is bein ° ^ hereto 
making the interior of the treat,?, , 21 !T ST* 1 ° inCTe3Se the dryi " 9 efficien <* ^ 

of the pressure-reducing treatment it is oossibte TJZZSL 2 ! dUMd PreSSUre " At the ,ime the start and «* 
30A by reducing the pil u ^ 

• exertion the wafers P W. for ««J& P S^S^ ,, ' S P ~ l * to ^ b3d ** *■» b-"0 

rnTof^rt^S 

ing dishes 43disposed one aboveanShe^ 

so as to permit the IPA liquid to be stored therein for its vrarizafen a « i 7 ? mult,ple sta9es 

• 42a for supporting these vaporizing dishes 3 ?f ,Cal hollow support column 
support column 42a and aUhe side and bottom SJSSJT^S ' J*" 44 d, ' SP ° Sed res P ectiv ^ «** the 
members 45 provided in such a way as to c^er^il ' TIlT ° f the C '° Sed VeSsel 42 " and heat-insulating 
43 are each made of a Zlra l^^S Tj? ***** 44 h "* case ' *• vaDOri2in 9 di ^es 
stainless steel or quartz TEu£^I?h h conduct,v,ty and also a high corrosion resistance, such as 

i ^pipelin^^ 

source 52 is connected thereto through a N oas smSSSSSTS h ? ? VeSS6 ' 42 ' 3 {N *> 9as SU PP'V 

to a lower part of the closed vesseU2 so as to enS ffJSL ? 6 ^ 3 dr3in pipe 41 3 is connected 
[0033] in the above described ing ga S^JSJSEl' T 5" P °° ,ed in the *+* vessel 42 - 

«. with toe N 2 toa, is'wwTo^CfCy SSS^ 4 ' 15 "7*- 0,6 VeSS « 
the thus-proiuced drying gas is conveyed to the ™ ? ^ m 8 * > " n9 9as ' * ** fime - 

10034, ^«««-«*-.m«i 1 ^. lw ^ 11 ^Sj^^^ rt „ w 
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portion and a lower portion thereof are connected to each other by a bypass circulation passage 47a Furthermore i„ 
the crcu.at.on passage 47a there are provided a circulation pump 47b- and a filter Sc enSl the ^T^T 

nTe^ 

PA tank 4 annlh l«nl ^ " PUmp 50 is provided on the IPA SU P^ P'P* «™ 49 connecting the 

IPA tank 48 and the drymg gas producng unit 41. By the diaphragm pump 50, the amount of the IPA suoolS to 

12 tnrt ifth.pl * 6 ran f ° f fr0m 3% t0 80% " ,0r exam P |e - under 3% - drying ability is lowered ^ whHe on The 
In this range, the drying gas can serve to dry the wafers W. 

EL ^ 3 ^ tr6atment m6th0d WhiCh US6S th6 described drying treatment apparatus will be 

ained at a prescnbed temperature by the N 2 heating device 51 is supplied into the tMm^LTfZTZ 
2 3fH r ? Ced t by ! h ! VaP ° riZati0n and the N * 9 fls are mixed wi ^ch other o SS^SS a dryi g gas 1 

[0038] The thus-produced drying gas is further Med by the heaters 44 up to a temperature from ao-c to t m 
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(Second Embodiment) 

Sini«:r sch ^ 

0045] By constructing as described above, the IPA which is a harmful organic solvent is recovered and th P n tho m 



(Third Embodiment) 



siSnrr^ 

and the explanation thereof oSS? embodm " ts . *™nte ere denoted by ft, reference symbols 
10049] ^"tadn^w-^nonl.p^aartas^^dp^n^mo^^^^^^ 
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(Other Embodiments) 
[Example] 
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[0056] As a result of the tests, as seen in Table 1 , in a region wherein the temperature of the drying gps is from 80°C 
to 170°C, inclusive, and the concentration of the IPA contained in the drying gas is from 3% to 80%, inclusive, the dried 
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states of the wafers W were evaluated as being good in regard to all the tests 

dried states of (he wafers w TL * case where attenfon was paid to only the 

Snst^^S^a^ 

sible to increase the drying efficiency to meta^M. J ? 5' ? * by * he heatin9 means - Accordingly, it is pos- 
of consumption of the sdvent makeeffert,veuseofthe ^9 gas and the solvent, and to reduce the amount 

Claims 

1 . A drying treatment method, characterized by the steps of: 

mixing and heating a solvent and an inert gas to produce a drying gas- and 

wherein said solvent has a concentration in said drying gas in a ranae of Vtn fin*/ anri raW ^ • 
temperature of from 80 to 150«C. 9 and Mld drying 9as has a 

2. The drying treatment method according to claim 1 . characterized by the step of: 

3. A drying treatment apparatus, characterized by comprising: 

an inert gas supply source (52); 

an inert gas supply pipe line (53) connecting said inert gas supply source (S) to said miS unit 

said heating unit being set to maintain said drying gas in a range of from 80 to 150°C. 
4. The drying treatment apparatus acceding to claim 3, characterized by further comprising: 

ffisaftsr (33) provided to - u drying 9as swiy pipe « ne < 32 > - *»— h - *** 
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5. The drying treatment apparatus according to claim 4. wherein: 

said drying gas supply nozzle (33) is movably provided relative to the object (W) to be treated. 
5 6. The drying treatment apparatus according to claim 3. further comprising: 

an exhaust pipe (40) connected to said drying treatment chamber (30AV and 

an exhaust means provided in the exhaust pipe (40). to reduce a^o, the drying treatment chamber 

10 

7. The drying treatment apparatus according to claim 3. characterized by further comprising: 

8. The drying treatment apparatus according to claim 3, characterized by further comprising: 

t ISTS PiPe (3?) C ° nneCted t0 Said dryin 9 treatment Camber (30)- and 

9> Sci; 9 ^ 

* a drying gas chamber (55) for receiving a used drying gas- 

cooling means (54) for condensing the solvent contained in the drying qas- 
aso,^ 

10. The drying treatment apparatus acceding to claim 3. characterized in that: 
said solvent feed means comprises a diaphragm pump (50). 
« 11 - Thedr ^^ 

solvent vaporizing dishes (43) disposed in multistages in vertical direction- *nH 
means for supping the solvent into the uppermost 
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